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(54) Sample analysis system 

(57) Blood serum analysis units (3A-3C), blood 
plasma analysis units (3D, 3E) and urine analysis units 
(3F, 3G) are arranged along main conveyor line (20). A 
width size of each analysis unit on the side along the 
main conveyor line is the same with one another. Each 
analysis unit can be removed integral with a sampling 



line (4A-4G) and its rack transfer device from the main 
conveyor line. Removed analysis units can be replaced 
by each other without changing the entry and exit posi- 
tions for the sample rack. The conveyor line has the 
same number of the line frame segments as the number 
of the plurality of analysis units. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION * 

[0001 ] The present Invention relates to a sample anal- 
ysis system, and in particular, it relates to a sample anal- 
ysis system provided with a plurality of analysis units 
which are disposed along a conveyor line for conveying 10 
holders which hold sample containers. 

2. DESCRIPTION OF THE PRIOR ART 

[0002] For the analysis of samples such as blood or 
urine, an analysis system is proposed which analyzes 
a plurality of analysis items using a plurality of analysis 
units which are arranged along a conveyer line. For ex- 
ample, JP-A 7-92171 discloses that a plurality of anal- 
ysis units each having a different number of analysis 
process samples per unit time are arranged along Its 
main conveyor line, and that a sub conveyor line is pro- 
vided between the main conveyor line and each analysis 
unit. 

[0003] JP-A 7-921 71 discloses an analysis system In 
which a container having been read of its data from a 
bar-code label attached thereon at the entrance of a 
main conveyor line is conveyed, transferred to a subline 
associated with a corresponding analysis unit, then after 
sample processing, the container is returned from the 
subline to the main conveyor line. Then, the sequence 
of transfer of containers is controlled such that average 
processing time in each analysis unit becomes equal. 
[0004] However, in the conventional analysis systems 
of the prior art described above, when each of its plural- 
ity of analysis units to be arranged is installed along the 
conveyor line, its position becomes fixed with respect to 
the conveyor line. Therefore, in such a case when the 
analysis units having been installed are required to be 
replaced by other analysis units having a different proc- 
ess mode, or when the number of analysis units needs 
to be increased in order to enhance its sample process- 
ing capability, there occurs a problem that the conveyor 
line must be fully replaced with a new one thereby in- 
volving an overall change in the architecture of the anal- 
ysis system. In "Implementing automation in a modem 
clinic laboratory" by R.S. Markin, Chemometrics And In- 
telligent Laboratory Systems: Laboratory Information 
Management: 21 (1993), no! 2/3, pages 169-179, Else- 
vier Science Publishers B.V., Amsterdam, it is disclosed 
to transport specimen earners by means of a conveyer 
system between several workcells each thereof for car- 
rying out different analysis on the specimen. A more 
specific description of an embodiment of this system can 
be found in US-5,402,875. The conveyer system is a 
continuously moving closed loop conveyer, the speci- 
men carriers being transported on rollers of the convey- 
er system. For transferring the specimen carriers from 



the conveyer system to the workcells and vice vesa, el- 
evators can be employed. Here, the transfer means are 
arranged in a space bridging the conveyor system and 
the workcells, but not integrally associated thereto. In 
order to provide for a transfer of specimen earners be- 
tween the conveyor system and various types of work- 
cells, docking device and standard electronic and me- 
chanical interface, respectively, are contemplated. 
[0005] US-5,207,986 discloses an automatic analyz- 
er including analysis units which integrally comprise 
rack carrier parts of a belt conveyor system for transfer- 
ring sample racks. In order to form a conveying line, the 
analyze units are combined by means of locating mem- 
bers in a sample rack transfer direction of the rack car- 
rier part such that the sample racks can be transported 
from a rack carrier part of an analysis unit to the subse- 
quent rack carrier part of the next analysis unit. Since 
the rack carrier parts are integrally comprised by the 
analysis units, the conveying of sample racks must be 
interrupted for replacing an analysis unit because a re- 
moval of an analysis unit results in a removal of the re- 
spective integrally comprised rack carrier part. Each 
rack carrier part comprises at least one conveying belt. 
Thus? ttw»beft e e wey w j y s U» M ownptaygd is fo f wmd by * 
the belt of the rack carrier parts of combined analysis 
units. 

[0006] JP 60-1 1 5867 also discloses an automatic an- 
alyzer wherein analyzing units can be interchangeably 
associated to a conveying system by means of position- 
ing devices for ensuring a precise positioning of the an- 
alyzing units. 

SUMMARY OF THE INVENTION 

[0007] An object of the invention is to provide a sam- 
ple analysis system which can easily replace its analysis 
units with other analysis units having a different 
processing mode without replacing its conveyor line. 
[0008] Another object of the invention is to provide a 
sample analysis system which can easily change the 
length of the conveyor line in accordance with an incre- 
ment or decrement of the number of analysis units re- 
quired in the analysis system, with at least a portion of 
its original structure of the conveyor line remaining. 
[0009] For that purpose, the present invention pro- 
vides systems according to claims 1 and 4. 
[0010] According to one aspect of the invention, a 
transfer mechanism is provided for transferring a sam- 
ple container holder between the conveyor line and a 
sampling area formed in each analysis unit, the transfer 
mechanism is disposed respectively corresponding to 
each one of the plurality of analysis units, wherein at 
least two analysis units of the plurality of analysis units 
are arranged to differ from each other at least in one of 
the types of reagent supply means, the number of anal- 
ysis items that can be analyzed therein, the number of 
tests that can be processed in a unit time, or the species 
of samples to be processed therein , and wherein the at 
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least two analysis units described above have the same 
attachment mechanism or the same shape thereof with 
respect to the conveyor line. 

[0011] According to another aspect of the invention, 
theconveyorline of the invention is comprised of: acom- 
bination frame which combines a plurality of line seg- 
ments connected in series, each line segment having a 
width size which is substantially the same as the width 
size of each analysis unit; and a conveyor belt mounted 
rotatabfy around the combined frame for conveying the 
sample container holders, and wherein each of the plu- 
rality of analysis units is attached to a corresponding line 
segment frame having substantially the same width 
size. 

[001 2] According to a preferred embodiment of the in- 
vention, each of the plurality of analysis units is provided 
with a dedicated line having a sample pipetting position, 
and the transfer mechanism for transferring the sample 
container holder between the conveyor line and the ded- 
icated line is attached to the each analysis unit When 
any analysis unit is removed from the conveyor line, the 
dedicated line and transfer mechanism associated 
thereto are removed from the conveyor line together 
with the analysis unit Thereby positioning activities as- 
sociated with sample positioning in each analysis unit 
and transfer positioning between the conveyor line and 
the dedicated line can be simplified. 
[001 3] According to another preferred embodiment of 
the invention, each transfer mechanism is provided on 
at least two analysis units such that each position of the 
each transfer mechanism coincides each other with re- 
spect to the conveyor line when at least two analysis 
units are replaced with respect to the conveyor line. 
These at least two analysis units have the same width 
size each other along the conveyor line. 
[0014] According to still another preferred embodi- 
ment of the invention, the number of the plurality of line 
segment frames which constitute the combined frame 
of the conveyor line is the same as the number of the 
plurality of analysis units. The conveyor belt for convey- 
ing the holders is mounted rotatably around the whole 
area of the combined frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Fig. 1 is a schematic block diagram of a sample 
analysis system according to one embodiment of 
the invention; 

Fig. 2 is a schematic diagram indicative of an anal- 
ysis unit provided with a dispenser type reagent 
supply section in the embodiment of Fig. 1 ; 
Fig. 3 is a schematic diagram indicative of an anal- 
ysis unit provided with a pipette type reagent supply 
section in the embodiment of Fig. 1 ; 
Fig. 4 is a schematic diagram indicative of a holder 
transfer mechanism in the embodiment of Fig. 1; 



Fig. 5 is a perspective view of an example of a line 
segment frame for a main conveyor line in the em- 
bodiment of Fig. 1; 

Fig. 6 is a perspective view of an example of an 
5 analysis unit frame in the embodiment of Fig. 1 ; and 
Fig. 7 is a perspective rear view of the analysis unit 
frame of Fig. 6. 

DESCRIPTION OF THE PREFERRED 
10 EMBODIMENTS 

[0016] A preferred embodiment of the invention will 
be described with reference to Figs. 1 -7. Fig. 1 is a sche- 
matic block diagram of a multiple sample analysis sys- 

15 tern which can analyze multiple species of samples of 
blood serum, blood plasma and urine. The sample anal- 
ysis system of Fig. 1 includes as its process unit such 
one which uses a dispenser type reagent supply device 
as indicated in Fig. 2, and the other one which uses a 

20 pipetter type reagent supply device as indicated in Fig. 
3 in combination. Other pretreatment devices such as a 
centrifugal separator, child sample pipetter and the like 
which are not directly involved in the analysis may be 
~ »K^uo^a»the*pfoees»uf>ft a^wett. to a ridt t t o o; w »» r> 

25 analysis apparatus using an ion selection electrode 
(ISE) can be the analysis unit The sample analysis sys- 
tem of Fig. 1 is an example which does not include such 
pretreatment devices and ion analysis apparatus as its 
process unit. Analysis units 3A, 3F and 3G of Fig. 1 are 

30 a dispenser reagent supply type analysis unit having 
fixed analysis channels and dedicated pipette nozzles 
for each of a plurality of reagents. Analysis units 3B, 3C, 
3D and 3E are a pipetter reagent supply type analysis 
unit in which analysis channels are not f ixed thereby al- 
as lowing random access, and asingle reagent pipette noz- 
zle is enabled to pipette appropriate reagents sequen- 
tially according to any specific analysis items. 
[0017] In Fig. 1 , analysis conditions of analysis units 
3A, 3B and 3C are set to execute analysis processing 

40 of species of samples which is blood serum, those of 
analysis units 3D and 3E are set to execute analysis 
processing of species of samples which is blood plas- 
ma, and those of analysis units 3F and 3G are set to 
execute analysis processing of specimens of samples 

45 which is urine, respectively. Analysis units 3A to 3G are 
provided with a sampling line 4A to 4G, respectively 
which is a dedicated line which has a function to fetch 
sample rack 1 which is a holder of sample containers 
from main conveyor line 20, to move the rack to a sam- 

50 piing position, then to return it to the main conveyor line 
20. Further, each analysis unit is installed corresponding 
to each sampling line 4A-4G, and is provided with: an 
ID information reader 51 -57 which reads out ID informa- 
tion of sample rack 1 or ID information of each sample 

55 container carried by sample rack 1 ; a reaction section 
5A-5G in which a reaction proceeds as specified in ac- 
cordance with analysis items between the samples and 
reagents, and the result of reactions is optically meas- 
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ured; and reagent supply sections 26-29, 32-34. Numer- 
als 26, 27, 28 and 29 of respective analysts units depict 
pipetter type reagent supply devices, and numerals 32, 
33 and 34 depict dispenser type reagent supply devices. 
[0018] At least two analysis units in the plurality of s 
analysis units3A-3G have the same width size each oth- 
er on the side thereof along main conveyor line 20. For 
example, analysis units 3A, 3B and 3C are arranged to 
have the same species of samples to analyze which is 
blood serum, and to have the same width size on their io 
sides along the main conveyor line. In addition, sam- 
pling lines 4A, 4B, 4C provided in respective analysis 
units as a dedicated line for moving the sample contain- 
er holder to its sample pipetting position have the same 
shape and size with each other. A transfer mechanism is 
for transferring sample rack 1 which holds sample con- 
tainers from one place to another between main con- 
veyor line 20 and sampling lines 4A-4C of respective 
analysis units 3A-3C is attached to the side of each anal- 
ysis unit. 20 
[0019] When analysis units 3A, 3B and 3C are to be 
interchanged mutually apart from their original positions 
of installation, each analysis unit is removed from the 
main conveyor line integral with sampling Hne4A-40€»~ 
sociated thereto and its transfer mechanism as mounted 25 
thereon, to be able to be installed in another place. In 
this case, since the positions of fitting structure and con- 
necting parts of each analysis unit are the same with 
respectto main conveyor Iine20, even if a different anal- 
ysis unit is attached to the conveyor line in place of the 30 
removed one, positional relation of its transfer mecha- 
nism relative to the conveyor line is identical with that of 
the removed one. Therefore, the positions from which 
to transfer the sample container holder from the main 
conveyor line to each dedicated line, and from which to 35 
return the sample container holder from each dedicated 
line to the main conveyor line are invariable. 
[0020] As will be described later, analysis units 3A-3C 
have a different number of analysis items that can be 
processed or a different type of reagent supply means 40 
from each other. In the sample analysis system of Fig. 
1 , ail of the analysis units 3A-3G have the same outside 
dimensions, and the same attachment structure with re- 
spect to the conveyor line, thereby allowing any anarysis 
unit to be interchanged at any position. However, these 45 
anarysis units are arranged such that at least one of the 
reagent supply types, the number of analysis items that 
can be processed, the number of tests that can be proc- 
essed per unit time, or the species of samples that can 
be processed differs from each other. A rack delivery so 
portion 1 7 has an area sufficient to be able to set a plu- 
rality of sample racks 1 therein, and a delivery mecha- 
nism to deliver the plurality of sample racks 1 one by 
one to main conveyor line 20. A rack recovery portion 
18 has an area to recover sample rack 1 which holds ss 
samples having been processed and analyzed in either 
of the plurality of analysis units, and an alignment mech- 
anism to align the recovered sample racks in order. A 



temporary storage portion 22 stores sample rack 1 tem- 
porarily until the result of measurements of its samples 
having been sampled by any analysis unit is output, 
sends it back for reexamination via reexamination rack 
conveyor line 25 of main conveyor line 20 when it is re- 
quired, and conveys the sample rack to rack recovery 
portion 18 when no reexamination is required. 
[0021] A control unit has a host control computer 40, 
distributed control computers 6A-6G provided in respec- 
tive anarysis units for executing required processing and 
control therefor, and a floppy disk memory 41. Data 
processing of output signals from a photometer provid- 
ed in each analysis unit is shared and executed by anal- 
ysis unit's computer 6A-6G, and host control computer 
40 connected thereto executes operation control of 
each anarysis portion, the rack transfer system and oth- 
er necessary portions in the system, and also executes 
arithmetic operations and control required for various in- 
formation processing. Load sharing by computers, how- 
ever, is not limited to the above, and can be modified to 
have various modes thereof according to necessity of 
architecture, or the distributed computers at each anal- 
ysis unit can be eliminated by using only the host control 
computer 40. Th»hoat»eo ntro < com p ute* 4 0 frpw wMad 
with a memory portion 45, and is connected to an oper- 
ator panel 42 for data entry, a CRT 43 for information 
display and a printer 44 for output of the result of meas- 
urements. 

[0022] Sample rack 1 is a sample container holder 
having a box-like shape as depicted in Fig. 2 in which a 
plurality of sample containers 2, for example, in the 
number of five are loaded, respectively. However, its 
shape is not limited to the box, and any shape may be 
adopted. On an external surface of sample rack 1 , an 
ID information record medium indicative of rack ID in- 
formation is attached. On an external surface of each 
sample container 2, an ID information record medium 
indicative of its sample ID information is attached. As 
these ID information record medium, a bar-code label, 
magnetic recording medium and the like are used. A 
bar-code attached on sample rack 1 has information re- 
garding its rack serial number and sample species. A 
bar-code attached on each sample container 2 has in- 
formation regarding its sample, for example, serial 
number, date of entry, name and entry number of pa- 
tient, sample species, sample analysis items requested 
and the like. 

[0023] ID information reader 50 provided in Fig. 1 
reads ID information (on bar code) of sample rack 1 or 
sample container 2 before it is delivered by main con- 
veyor line 20, and inputs its result to computer 40. Fur- 
ther, ID information reader 58 provided in temporary 
storage section 22 reads ID information from the bar- 
code on sample rack 1 or sample container 2 when they 
enter and exit from temporary storage section 22, and 
transmits its data to host computer 40. 
[0024] Reagent bottles 12A, 12B for use in various 
items of analysis which are accommodated in a reagent 
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supply section in each analysis unit 3A-3G have their 
reagent ID information on bar code or the like attached 
on their external surfaces. This reagent ID information 
includes reagent manufacture lot number, reagent bottle 
size, quantity of reagent that can be serviced, expiration 
date, sequential number which differs from bottle to bot- 
tle, analysis items and the like. Such reagent ID infor- 
mation is read by the barcode reader, and entered into 
memory section 45 associated with each corresponding 
analysis unit 3A-3G, as well as with the set position of 
its reagent bottle in the reagent supply section, available 
number of analysis remaining calculated from the initial 
quantity of solution and a unit dose, types of analysis 
items, serial number of the analysis unit accommodating 
the reagent, and the like. 

[0025] Main conveyor line 20 which includes a con- 
veyor belt for carrying sample rack 1 and a motor for 
driving the belt is controlled by the control unit to trans- 
port the sample rack continuously to a desired position. 
Each sampling line 4A-4G can move its conveyor belt 
intermittently so as to receive the sample rack at a rack 
entry position, stop it at a sampling position and at a rack 
exit position. In the example of Fig. 1, each sampling 
line is indicated to havo^b^s sa w ei^cjfe i uwtitiw aiam n- 
size, and to be positioned at a predetermined place in 
each analysis unit. Sample rack 1 delivered by main 
conveyor line 20 is moved along a row of analysis units, 
stopped in front of a particular analysis unit designated 
by the control unit, and immediately transferred to a rack 
receive position on the sampling line of the designated 
analysis unit by its rack transfer mechanism (which will 
be described more in detail later). Sample rack 1 having 
completed sample pipetting operation at its sampling 
position is returned from the rack exit position on the 
sampling line to main conveyor line 20 by the rack trans- 
fer mechanism. 

[0026] With reference to Fig. 2, an example of config- 
uration of an analysis unit having a dispenser type rea- 
gent supply system will be described. Reactor section 
5A in analysis unit 3A is comprised of concentrically 
aligned two rows of reactors, each row including a plu- 
rality of transparent reactors 46a, and a multi-wave- 
length photometer 1 5a provided for each row of reactors 
for analyzing spectroscopic multiwaves of light emitted 
from light source 14a and transmitted through reactor 
46a. To serve each row of reactors, there are disposed 
in the vicinity of reactor section 5A a sample pipetter48a 
having a pipette nozzle connected to sample pipetter 
pump 47a; a first reagent nozzle group holder portion 
64 and a second reagent nozzle group holder portion 
66 each connected to reagent dispenser pump 60; a first 
stirrer 65 and a second stirrer 67; and a reactor cleaning 
mechanism 1 9a. A reagent refrigerator 62 stores therein 
reagent bottles 12 of a first reagent and a second rea- 
gent for use in a plurality of analysis items (only for re- 
quired analysis items), which are aligned therein and 
cooled at a predetermined low temperature. Each rea- 
gent solution in each reagent bottle is supplied via each 



tube and by reagent dispenser pump 60 to a corre- 
sponding reagent injection nozzle disposed over the 
rows of reactors. In this case, dispenser type reagent 
supply section 32 in analysis unit 3A of Fig. 2 includes 

5 reagent dispenser pump 60 of Fig. 2, reagent refrigera- 
tor 62 which cools the plurality of reagent bottles 12 
therein, the first reagent nozzle group holder 64, the sec- 
ond reagent nozzle group holder 66 and the like. 
[0027] Each sample rack 1 supplied from rack deliv- 

10 ery portion 17 is conveyed by main conveyor line 20, 
and when any analysis by analysis unit 3A is required, 
sample rack 1 is transferred to sampling line 4A corre- 
sponding to the analysis unit 3A. A predetermined 
amount of a sample on sample rack 1 arrived at its sam- 

15 pling position is aspirated using a pipette nozzle of sam- 
ple pipetter 48a and is injected into reactor 46a. Into this 
reactor positioned at a predetermined position on the 
reactor rows, a reagent corresponding to a specified 
analysis item is injected to proceed a reaction. After a 

20 predetermined period of time, a reacted solution in re- 
actor 46a is subjected to measurement of its optical 
property using multi wavelength photometer 15a. An 
output signal from multi wavelength photometer 15a is 

25 er under control of distributed computer 6A of the anal- 
ysis unit, then it is transmitted to host control computer 
40. Dispenser type analysis unit 3F and 3G have the 
same configuration as that of analysts unit 3A. 
[0028] Now, with reference to Rg. 3, an example of 

30 configurations of analysis unit having a pipette type re- 
agent supply system will be described. Within reactors 
46b disposed in array on reactor section 5B in analysis 
unit 3B, reactions are allowed to proceed between sam- 
ples and reagents specified for particular analysis items. 

35 Sample rack 1 transferred from main conveyor line 20 
to sampling line 4B (indicated in Rg. 1) is positioned at 
its sampling position thereon, where using a pipette noz- 
zle of sample pipetter 48b, the sample is aspirated and 
a predetermined quantity of the sample is injected into 

40 reactor 46b. Sample pipetter 48b is provided with sam- 
ple pipetter pump 47b. Reactor section 5B is kept at a 
constant temperature (for example, at 37°C) by isother- 
mal liquid supplied from an isothermal tank 10. 
[0029] Pipetter type reagent supply unit 26 in Rg. 3 is 

45 provided with two reagent disks 26A and 26B for use of 
a first reagent and a second reagent. A plurality of rea- 
gent bottles 12A and 12B containing various reagents 
prepared for a number of analysis items have their rea- 
gent ID information indicated on bar code attached on 

so their external walls, respectively. After reagent bottles 
1 2A and 1 2B are loaded on reagent disks 26A and 26B, 
reagent ID information of each reagent bottle is read by 
bar code readers 23A and 23B. The information having 
been read out is associated with the set position of its 

55 reagent bottle on the reagent disk, its corresponding 
analysis item, the analysis unit number to which its re- 
agent bottle is set, and the like, then is entered into 
memory 45. Reagent pipetters 8A and 8B each having 
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a pipetter nozzle which is free to swivel and movable 
vertically are connected to reagent pipette pump 11 . 
[0030] The array of reactors 46b having been injected 
samples is rotated. A predetermined amount of reagent 
is aspirated using reagent pipetter 8A from reagent bot- 
tle 1 2A which contains the first reagent and which is po- 
sitioned at a reagent aspiration position corresponding 
to its analysis item, then its first reagent is injected into 
reactor 46b which is positioned at a reagent adding po- 
sition. After their contents are stirred by stirrer 13A at a 
stirring position, the array of reactors is moved several 
times, then when reactor 46b arrives at a second rea- 
gent adding position, reagent pipetter 8B aspirates a re- 
agent from reagent bottle 12B which is positioned at its 
reagent aspiration position corresponding to its analysis 
item and injects the aspirated reagent into the reactor. 
Then , the contents of the reactor is stirred by stirrer 1 3B. 
With rotation of the array of reactors, a light flux from 
light source 14b is admitted to pass through reactor 46b, 
and the light having passed through the reaction solu- 
tion in reactor 46b is examined by multi wavelength pho- 
tometer 15b. Output signals of wavelength correspond- 
ing to any designated analysis items are processed by 
logarithm converter 30 and A/E>co nw t qr31 b whic h m** 
controlled by analysis unit computer 6B, and digital sig- 
nals obtained are transmitted to host control computer 
40. Reactor 46b having completed its measurements is 
cleaned by cleaning mechanism 19b and is served for 
subsequent tests. Configurations of analysis units 3C f 
3D and 3E are the same as that of analysis unit 3B. 
[0031 ] Now, operation of the embodiment of Fig. 1 will 
be described in detail. 

[0032] Before sample rack 1 is set in rack delivery 
section 17, each analysis item to be examined for each 
sample requested from the requester is entered from 
operator unit 42 into host control computer 40 by being 
associated with each sample number in advance. Infor- 
mation on analysis conditions designated for each anal- 
ysis item is stored in floppy disk memory 41 . Among 
these analysis conditions, analysis item code consists 
of five digit numbers. Parameters of the analysis condi- 
tions to be used commonly between plural analysis units 
designated for the same analysis items include the 
wavelength of measurements in the photometer, sam- 
ple pipetting quantity, calibration curve correction meth- 
od, reference solution concentration, the number of bot- 
tles of reference solution, limit value for analysis value 
abnormality check, and the like. Parameters of the anal- 
ysis conditions which are stored corresponding to each 
reagent bottle include the number of required reagents, 
for example, from the first to the fourth reagents, codes 
of reagent bottles consisting of 5 digit numbers, pipetting 
quantity of reagents, the number of tests available per 
bottle of reagents, and the like. Analysis conditions of 
analysis units 3A, 3B and 3C are set to accept blood 
serum samples, analysis units 3D and 3E to accept 
blood plasma samples, and analysis units 3F and 3G to 
accept urine samples, respectively. Acceptable sample 



species and their analysis unit numbers are registered 
in the host control computer. 

[0033] At the same time when reagent bottles are 
loaded in the reagent supply sections in respective anal- 
5 ysis units 3A-3G, reagent ID information of each reagent 
bottle is registered in host control computer 40 associ- 
ated with its corresponding analysis unit serial number. 
In this case, the same reagents for use in analysis of 
particular analysis items specified for the same species 
10 are loaded in a plurality of analysis units in the same 
group which are designated to handle the same sample 
species. For example, in the case of blood serum sam- 
ples, analysis units of 3A, 3B and 3C are regarded as 
in the same group, then reagent supply section 32 of 
15 analysis unit 3A is loaded, for example, with reagent bot- 
tles containing GOT and GPT which are hepatoscopy 
test items with many sample test requests, and bottles 
containing calcium, UA and BUN for emergency test 
items. Reagent supply section 26 of analysis unit 3B is 
20 loaded, for example, with reagent bottles containing 
GOT, GPT which are hepatoscopy test items, and other 
reagent bottles containing reagents for other analysis 
items the number of requests for which is not many. 
The* wageRTsupply 
25 loaded with reagent bottles containing, for example, cal- 
cium, UA, BUN which are emergency test items, and 
other reagents for other analysis items the number of 
request for which is not many. Therefore, hepatoscopy 
test items can be examined by two analysis units of 3A 
30 and 3B, while emergency test items can be analyzed by 
two analysis units of 3A and 3C. What reagent for what 
analysis item is to be loaded in duplicate in which anal- 
ysis unit is determined by the operator in consideration 
of actual conditions of laboratories in respective facili- 
35 ties. 

[0034] When respective reagent bottles, 1 2, 1 2A, 1 2B 
are loaded in each reagent supply section, each reagent 
ID information thereof attached on each reagent bottle 
is read, then using each reagent bottie code as a key, 
40 the information having been entered as its analysis con- 
ditions parameters is retrieved, then respective data 
corresponding to this reagent bottle such as its analysis 
item, size of the bottle, the number of analysis tests 
available, set position of the reagent bottle and the like 
45 are associated with each other and entered into host 
control computer 40. At the same time, a maximum al- 
lowable number of analysis for the same sample spe- 
cies and for the same analysis item calculated on the 
basis of a total number of reagent bottles for the same 
so analysis item loaded in the plurality of analysis units 
which allow analysis of the same species and the same 
analysis item is registered, and displayed on CRT 43 as 
required. 

[0035] After respective reagents corresponding to re- 
55 spective analysis items required for each analysis unit 
have been loaded, prior to subjecting samples to anal- 
ysis processing, calibration curve correction operation 
for each analysis unit is carried out for all analysis items 
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which can be analyzed in each analysis unit. Since a 
calibration curve correction value differs depending on 
a difference of reagent bottles set in each analysis unit, 
results of calibration curve corrections obtained in each 
analysis unit for each analysis item is stored in memory 
45 of host control computer 40. These results of correc- 
tion are used in calculation of concentrations when any 
analysis item corresponding thereto is being analyzed 
in each analysis unit 

[0036] At the same time when one of the plurality of 
sample racks 1 placed on rack delivery section 17 is 
pushed out to main conveyor fine 20, ID information of 
sample rack 1 or of sample container 2 is read by ID 
information reader 50. On the basis of the information 
having been read, any particular sample species on that 
sample rack 1 is discriminated by host control computer 
40, then an appropriate analysis group having been pre- 
conditioned for that particular sample species is select- 
ed, then upon a subsequent Judgment, one of the anal- 
ysis units in the selected group is determined as a des- 
tination of that sample. For example, here, it is discrim- 
inated as a blood serum sample, then the group of anal- 
ysis units including 3 A, 3B and 3C is selected. 
[0037] Further, upon reading of the sample ID infor- 
mation, the registration status of its sample number and 
analysis item are verified, and each analysis item des- 
ignated to be measured for each sample on sample rack 
1 is discriminated, then it is judged by host control com- 
puter 40 which one of analysis units 3A, 3B and 3C 
should proceed with which analysis item of which sam- 
ple. In this case, host control computer 40 monitors the 
number of analysis items having been designated for 
each analysis unit to carry out and how long It will take 
until completion of its sampling. In particular, with re- 
spect to any particular analysis item which can be ana- 
lyzed by a plurality of analysis units, it is judged which 
analysis unit is best to be assigned that analysis item in 
order to be most efficient. For example, with respect to 
GOT and GPT of particularly designated analysis items, 
it is judged that either of analysis units 3A and 3B have 
a minimum number of samples in queue to be proc- 
essed at that time, then one of them which has a mini- 
mum wait time is designated as its analysis unit. Accord- 
ing to a degree of busyness among a plurality of analysis 
units, a particular analysis unit is automatically desig- 
nated to proceed with a particular analysis item desig- 
nated. However, it is not limited to such automatic des- 
ignation method, and it is possible also for the operator 
to enter any priority of use of respective analysis units 
for each analysis item via operator unit 42 in advance. 
[0038] Sample rack 1 having samples to be subjected 
to particular analysis items and having been determined 
of its destination (for example, to analysis unit 3B) is 
transported to the designated analysts unit 3B by main 
conveyor line 20, and it stops in front of entrance to sam- 
pling line 4B of the analysis unit 3B. Then, sample rack 
1 is transferred to sampling line 4B, moved to its sam- 
pling position, where a predetermined sample is aspi- 



rated by sample pipetter 48b to be injected into reactor 
5B, then the sample rack is returned to main conveyor 
line 20. When there remains some analysis items to be 
analyzed for the samples on sample rack 1 , sample rack 

5 1 is conveyed further to analysis unit 3C by main con- 
veyor line 20, transferred to sampling line 4C, and sub- 
jected to sample pipetting. Amounts of reagents remain- 
ing in respective reagent bottles for use of respective 
analysis items in each analysis unit are monitored by 

10 host control computer 40. As a method for monitoring 
the remaining amounts of reagents, a level gage at- 
tached to the reagent pipette nozzle may be used to de- 
tect the level of reagent liquid in the bottle every time 
the reagent is aspirated, or a subtraction method may 

is be used which subtracts from a total allowable number 
of analysis tests every time of reagent pipetting. In any 
case of these methods, whether or not the amount of 
any reagent for use in the an alysis of that particular anal- 
ysis item runs short is decided by host control computer 

20 40 which determines whether or not the remaining 
number of allowed tests of analysts has reached a pre- 
determined value. The predetermined value in this case 
is set at a small number such as 0, 1 , 2 or the like which 
-■■ indicates a remaining number of test* ftirttten-when,- 

25 for example, GOT reagent in designated analysis unit 
3B is judged to be in shortage, GOT analysis in analysis 
unit 3B is interrupted and a simultaneous switchover of 
GOT analysis processing to analysis unit 3A which has 
a plenty of GOT reagent remaining therein is enabled. 

30 Thereby, subsequent samples requiring GOT analysis 
are transferred to analysis unit 3A which is in the second 
priority order in the group of processing GOT analysis. 
[0039] The control unit in the embodiment of Rg. 1 
apprehends which of respective analysis items is des- 

35 ignated to which analysis unit to carry out its analysis 
processing, and these data are stored in memory 45. 
Host control computer 40 stores information regarding 
which of respective analysis items is being processed 
by which analysis unit in its memory table, and displays 

40 the information edited in table on CRT 43 when request- 
ed from the operator. 

[0040] In the apparatus of the embodiment of Rg. 1 , 
the operator can instructs to each of analysis units 3A- 
3G to start or stop its operation through keying via op- 

45 erator unit 42. On the basis of instructions from the op- 
erator unit, host control computer 40 controls such that 
sample rack 1 delivered from rack delivery portion 1 7 is 
transported by main conveyor line 20 to either one of 
appropriate analysis units other than the analysts unit 

so which has been interrupted of its operation. In particular, 
in the time zone such as night shift time when samples 
need to be analyzed in emergency but its frequency is 
not great, the overall system can be operated in such a 
manner, for example, that only analysis units 3C for 

55 blood serum testing and analysis unit 3G for urine test- 
ing are kept operating and all other analysis units are 
stopped their operation. In the time zone when the 
number of samples increases, other analysis units will 
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resume their operation. 

[0041] Further, in the system arrangement of the em- 
bodiment of Fig. 1 , if any one of the analysis units fails, 
the failed analysis unit is removed integral with its asso- 
ciated rack transfer mechanism from the conveyor line 
for repair. Although, the sample analysis system is kept 
devoid of the failed analysis unit until completion of its 
repair, the conveyor line is ensured to maintain its oper- 
ation without being affected by the removed analysis 
unit. Although the overall system capability to handle 
sample analysis may be lowered, since sample analysis 
processing can be handled continuously by the remain- 
ing analysis units and the conveyor line connected 
thereto, the worst case of the shutdown of the overall 
sample analysis system can be avoided. 
[0042] Still further, in the system arrangement of the 
embodiment of Fig. 1 , if abnormality arises in any of the 
analysis units causing it unable to continue its analysis 
operation , the control unit instructs another analysis unit 
to take over its analysis assignment and its sample rack 
to be delivered thereto. For example, by providing a plu- 
rality of reagents for use for a plurality of analysis items 
in duplicate in two analysis units 3B and 3C, analysis 
operation for the plurality of analysis items car* be en- 
sured to be continued without interruption. 
[0043] Now, with reference to Fig. 4, a rack transfer 
mechanism according to one embodiment of the inven- 
tion is depicted. As such rack transfer mechanism, a 
traveling robot provided with a rack grip arm, a mecha- 
nism having a shove lever to shove a sample rack be- 
tween the main conveyor line and the sampling line, and 
the like may be used. The example of Fig. 4 depicts one 
with a rack grip arm. 

[0044] A communicating path 70 with a sufficient 
width to allow passage of sample rack 1 is provided be- 
tween main conveyor line 20 and sampling line 75 (4A- 
4G in Fig. 1) on each analysis unit. The rack transfer 
mechanism is provided in the upper portion of commu- 
nicating path 70, which includes primary pulley 71 at- 
tached to a motor drive axis, idler pulley 72, belt 73 
wound around these pulleys, and gripper 74 having a 
pair of movable fingers and connected to belt 73. In Fig. 
4, ail of communicating path 70, sampling line 75, pri- 
mary pulley 71 attached to the motor drive, idler pulley 
72, belt 73 and gripper 74 are provided not on the side 
of the main conveyor line but on the side of each anal- 
ysis unit. 

[0045] The rack transfer mechanism which is dis- 
posed corresponding to each of the plurality of analysis 
units 3A-3G has the same shape and dimension. Direc- 
tions of movement and drive timing of gripper 74 are 
controlled by the control unit. Since a position of attach- 
ment of any rack transfer mechanism to each analysis 
unit is the same for every analysis units, when any two 
of these analysis units are replaced with each other of 
their positions of placement, a relative position of the 
rack transfer mechanism before and after the replace- 
ment of respective analysis un its is identical with respect 



to main conveyor line 20. Therefore, there occurs no 
problem in the transfer of the sample rack to and from 
respective analysis units even if at least two analysis 
units are exchanged. 

s [0046] The drawing of Fig. 4 indicates a state of grip- 
per 74 waiting on the main conveyor line for arrival of 
sample rack 1 . From this state, gripper 74 seizes sample 
rack 1 , and is moved by driving the motor via communi- 
cating path 70 to the position of sampling line 75, where 

io sample rack 1 is freed from gripper 74 to be placed on 
sampling line 75. The reverse sequence of handling is 
executed when returning sample rack 1 from sampling 
line 75 to main conveyor line 20. 
[0047] Main conveyor line 20 includes a conveyor belt 

is to carry sample racks, a belt drive mechanism to drive 
the belt and a line frame to which the belt drive mecha- 
nism is attached. The line frame is comprised of a plu- 
rality of line segment frames in combination, and the 
number of the plurality of line segment frames which 

20 constitute the line frame normally coincides with the 
number of process units to be used. Namely, the number 
of analysis units as the process units may take any 
number, however, in the embodiment of Fig. 1 , since its 
number from 3A- te3€rie ao wBH i, t he wu wbe y cf ttwtine* - 

25 segment frames is set at 7. When the length of the main 
conveyor line is changed in accordance with the number 
of the line segmentf rames to be used, the conveyor belt 
of the main conveyor line is exchanged with another belt 
having a different length. Analysis units 3A-3G as the 

30 process units include an analysis section, a sampling 
line, and an analysis unit frame for mounting them, re- 
spectively. Each analysis unit frame is also provided 
with the rack transfer mechanism indicated in Fig. 4. 
[0048] Fig. 5 shows one line segment frame structure 

35 for use in main conveyor line 20. Figs. 6 and 7 are per- 
spective views of an analysis unit frame structure, Fig. 
7 indicating a rear view of Fig. 6. In Fig. 5, the line seg- 
ment frame is provided with casters 81 and position fix- 
tures 82 on its bottom side. Position fixtures 82 are for 

AO fixing thef rame at a preferred position. The line segment 
frame has a positioning panel 83 in the upper portion of 
its front side, and a positioning pin 84 in the center of 
the panel 83. 

[0049] The line segment frame is provided corre- 
45 sponding to each one of analysis units 3A-3G. The con- 
veyor line is constructed by connecting the same 
number of line segment frames in series in the directions 
of arrows as the number of total analysis units, and at- 
taching a holder conveyor belt rotatably from one end 
so to the other end over the full length of the combined 
frame. The combined frame is also provided with a belt 
drive mechanism. A width size of each line segment is 
slightly larger than a width size of each analysis unit cor- 
responding thereto, but is substantially the same. 
55 Thereby, there exists no superfluous space between re- 
spective analysis units when they are installed. 
[0050] The conveyor line constructed above is provid- 
ed with two conveyor belts; one for the main conveyor 
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line 20 and the other for reexamination rack conveyor 
line 25. To each line segment frame of the conveyor line, 
each of analysis units 3A-3G corresponding thereto is 
attached via positioning pin 84 in positioning panel 83. 
In the case of the embodiment of Rg. 1 , the width size 
of all of the line segment frames corresponding to re- 
spective analysis units are the same, however, when 
any analysis unit which has a different width size is to 
be included, a line segment frame having a width size 
adaptable to that width size is combined. 
[0051 ] Each of analysis units 3A-3G is attached to the 
conveyor line in a condition that all of its mechanical 
components including sampling line 4A-4G and rack 
transfer mechanism are installed. Figs. 6 and 7 are giv- 
en to help understand these attachment structure. 
[0052] Figs. 6 and 7 depict a skeleton framework of 
one analysis unit frame with all mechanisms removed. 
Each one of analysis units 3A-3G in the embodiment of 
Fig. 1 has the same frame as depicted in Rg. 6. The 
analysis unit frame is provided with casters 85 and po- 
sition fixtures 86 on its bottom side. Position fixtures 86 
alike that of the line segment frame are for fixing its 
frame at a preferred position when it is moved thereto. 
Its frame has a positioning panol 87 tolne-upper portion 
on the rear side thereof to engage with positioning panel 
83 of the line segment frame, and a positioning hole 88 
in the center portion of the panel 87 for allowing posi- 
tioning pin 84 of the line segment frame to enter and 
engage. This engage hole has an oval shape extending 
vertically. Byway of example, the expression of the front 
side and the rear side used here is only in relative mean- 
ing, however, in order to avoid any confusion, the rear 
side in Rg. 6 indicates the rear surface (in depth direc- 
tion), and the front surface in Rg. 7. Positioning pin 84 
in Fig. 5 and positioning hole 88 in Rg. 6 may be includ- 
ed in any of the line segment frame or the analysis unit 
frame. 

[0053] Positioning hole 88 in the analysis unit frame 
provides a reference position to each analysis unit 3A- 
3G when attaching them to the conveyor line. The sam- 
pling line 4A-4G and rack transfer mechanism in any 
analysis unit are constructed to have the same distance 
from the reference position described above. When at- 
taching the analysis unitto the conveyor line, positioning 
pin 84 of the line segment frame and ovai hole 88 of the 
analysis unit frame are engaged each other, then posi- 
tioning panel 87 of the analysis unit frame is placed in 
close contact with positioning panel 83 of the line seg- 
ment frame, and then both positioning panels are fas- 
tened with screws (not shown), thereby accomplishing 
connection therebetween. 

[0054] Each analysis unit can be exchanged with 
each other with respect to the main conveyor line. This 
can be done easily by removing the screws which fasten 
between the positioning panel of a particular analysis 
unit to be exchanged and the positioning panel of the 
line segment frame to which the particular analysis unit 
is attached, separating the particular analysis unit from 



the line segment frame, and attaching the same to an- 
other line segment frame at a desired position in the 
same manner as described above. Further, the number 
of analysis units can be incremented or decremented. 

5 in this case, it is preferable for the number of the line 
segment frames which constitute the conveyor line to 
be incremented or decremented in accordance with the 
changes of the number of analysis units, and also for 
the belt of the conveyor line to be exchanged with an- 

10 other one having a length corresponding to a total length 
of thecombined line segment frames. According to such 
embodiments as described above, sample analysis can 
be done flexibly in a manner corresponding to any 
number of samples to be analyzed, any number of anal- 

15 ysis items and any species to be tested, thereby elimi- 
nating difficulty in the sample analysis operation or any 
substantial decrease in the analysis efficiency. 
[0055] Positions of entrance and exit ports for the 
sample rack with respect to the main conveyor line are 

20 determined with reference to positioning pin 84 and 
which are the same with any analysis unit. That is, their 
entrance and exit are arranged in the same manner for 
each unit such that they coincide when analysis units 
are exehengecfefte*anetf*e* i* aridities, eaUi wid* of 

25 each analysis unit on the side along the main conveyor 
line is the same with one another. This is not always nec- 
essary to be the same. However, if so, how differently 
the arrangement of the analysis units may have been 
modified, stop positions of the main conveyor line for 

30 transferring the sample rack to and from the sampling 
line can be set constant for every analysis unit, and also 
there results in no superfluous space in the direction of 
the main conveyor line. 

[0056] All of the plurality of analysis units may be of 
35 the same type and configuration, or in which at least one 
of the reagent pipetting method, sample analysis 
processing capability, sample species, analysis method 
and the like may differ. 

[0057] Each analysis unit has a sampling line as a 
40 dedicated conveyor line for its own use, and a distance 
between the main conveyor line and the sampling line 
is the same for every analysis units. According to this 
arrangement, it becomes easy to specify a relative po- 
sition between any sample container in any sample rack 
45 mounted on the sampling line and its sampling position. 
This is particularly important in the case of a trace sam- 
ple analysis. 

[0058] A locating distance of each analysis unit rela- 
tive to the main conveyor line in the direction thereof is 

so ensured by engagement of the positioning pin and the 
oval hole at a precise position, and a locating distance 
of each analysis unit relative to the main conveyor line 
in the directions of rotation thereof around a vertical axis 
which is perpendicular to the directions of the arrow and 

55 passes through the positioning pin is ensured precisely 
by a close contact and fastening with screws of the po- 
sitioning panels of the main conveyor line and of the 
analysis unit. Further, the oval holes have a function to 
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absorb any variation in heights of the main conveyor line 
and the analysis unit. 

[0059] Accordingtothefeaturesof the invention, itbe- 
comes possible to exchange analysis units having a dif- 
ferent processing configuration and at a different loca- 5 
tion with respect to the main conveyor line while main- 
taining the main conveyor line ready to convey sample 
container holders (sample racks). Further, even if any 
one of the plurality of analysis units is removed from the 
conveyor line, sample container holders can be deliv- 10 
ered to other remaining analysis units via the main con- 
veyor line, thereby preventing interruption of the sample 
analysis handling. Still further, In compliance with the 
incrementing or decrementing number of analysis units 
installed in the analysis system, the length of the main » 
conveyor line can be modified easily with at least a por- 
tion of the original structure of the main conveyor line 
remaining. 



Claims 

1 . A sample analysis system having a conveyor line 
for conveying a holder which heWs~* pte»Fatty ofc 
sample containers; and a plurality of analysis units 25 
which are arranged along saidconveyor line for car- 
rying out analysis of a sample pipetted from said 
plurality of sample containers, comprising: 



each of the at least two analysis units compris- 
es a first positioning panel facing the side of the 
conveyer line, the conveyer line having second 
panels provided at a plurality of predetermined 
positions on the side thereof, each second pan- 
el being capable of engaging with the first panel 
of any of the analysis units. 

2. A sample analysis system according to claim 1, 
wherein each said transfer device disposed corre- 
sponding to each of said plurality of analysis units 
has the same structure. 

3. A sample analysis system according to claim 1, 
wherein said at least two analysis units have the 
same width on the side thereof along the conveyor 
line. 

4. A sample analysis system having a conveyor line 
for conveying a holder which holds a plurality of 
sample containers; and a plurality of analysis units 
which are arranged along said conveyor line for car- 
rying out an analysis of a sample pipetted from said 

a combined line frame including a plurality of 
line frame segments connected in series, the 
number of said plurality of line frame segments 
being the same as the number of said plurality 
of analysis units, wherein 
saidconveyor iinecomprises a holder conveyor 
belt which is rotatabry attached on said com- 
bined line frame; 

each of said plurality of analysis units is con- 
nected to each of the plurality of line frame seg- 
ments corresponding thereto; 
said holder conveyor belt is rotatabry to said 
combined line frame; 

each of said plurality of analysis units compris- 
es a dedicated line for movin g the holder having 
been delivered from the conveyor line to a sam- 
ple pipetting position therein; 
said dedicated line is removable integral with 
an analysis unit corresponding thereto when 
said analysis unit is removedf rom the conveyor 
line; and wherein 

the sample analysis system further comprises 
a transfer device provided corresponding to 
each analysis unit for moving the holder be- 
tween the conveyor line and the dedicated line, 
each analysis unit being separable from the 
conveyor line in a state where each analysis 
unit and the transfer device corresponding 
thereto is prevented from being separated from 
each other 

5. A sample analysis system according to claim 4, 
wherein each of said plurality of line frame seg- 



a transfer device disposed corresponding to 30 
each of said plurality of analysis units for trans- 
ferring said holder between the conveyor line 
and a sampling area which is provided in each 
analysis unit, wherein, 

at least two of said plurality of analysis units 35 
have a structure which differs in at least one of 
a reagent supply type, an allowable number of 
analysis items that can be analysed, an allow- 
able number of tests that can be processed per 
unit time, and a type of species that can be 40 
processed; 

said at least two of said plurality of analysis 
u nits have a same connection structure for con- 
necting with said conveyor line; and wherein 
each said transfer device is connected to an ^ 
analysis unit corresponding thereto so as to be 
removed integral with said analysis unit corre- 
sponding thereto which is removable from said 
conveyor line; 

at least two transfer devices disposed corre- 50 
sponding to said at least two analysis units are 
connected to said at least two analysis units 
corresponding thereto in such a manner that 
when said at least two analysis units are ex- 
changed in their positions relative to said con- 55 
veyor line, a relative position of said at least two 
transfer device is the same with respect to the 
conveyor line with one another; and 
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merits which constitute said combined line frame 
has a width size which is substantially the same as 
a width size of an analysis unit corresponding there- 
to. 

A sample analysis system according to claim 4, 
wherein each of said plurality of analysis units have 
the same width size on the side thereof along said 
conveyor line. 
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